Abstract Many attempts are underway for developing meeting support tools, but less attention is paid to the evaluation of meetingware. This article describes the development and testing of an instrument for evaluating meeting tools. First, we specified the object of evaluation-meetings-by means of a set of input, process, and outcome factors. Then, we designed the process of evaluation, consisting of, first, the generation of meeting behavior in the form of a controlled series of meetings within the context of a project and, second, the measurement of the identified meeting factors. To measure these factors, a rating scale, questionnaires, and information flow analysis were used. Next, the instrument was tested, and the factors for successful meetings were determined in 13 projects in which four participants had to meet four times. The evaluation instrument proved to be a reliable and useful aid for the development and improvement of meeting tools.
Introduction
Professionals spend 20-40% of their time at work in meetings [1] . Meetings are essential to structure and coordinate work in organizations; the costs considering time, money and logistics are however staggering and satisfaction levels are low [2] . Often the obtained result is hardly worth the costs and effort. Meetings are meant to be sources of stimulation, support, and solutions; they should fulfill organizational as well as personal needs. For some of us, though, meetings are an annoyance and a waste of time. For all its difficulty, teamwork is still essential and technology is often considered as the Holy Grail to improve the meeting process and outcomes [3] . Can this situation indeed be improved using technology?
The research reported here is carried out as part of AMI, a European Integrated Project that aims at developing new multimodal technologies that support human interaction in the context of face-to-face and remote meetings (see http:// www.amiproject.org). These technologies enable storage, interpretation, and retrieval of captured meeting interactions. They are the basis for the development of a multimodal meeting browser, which should make meetings more effective, efficient, and pleasurable. However, to know how such a browser may improve meetings, we need to explore the determinants for successful meeting behavior. And to know whether our browser, or any other meeting tool, indeed does improve meetings, we need an evaluation instrument. For both purposes, we have to make meetings measurable. In this article, we describe the development and testing of this evaluation instrument and how we use it for exploring the determinants of successful group meetings.
All evaluations have common features: in all cases there is an object being evaluated, a process through which one or more attributes are judged and valued, and all evaluations have a purpose [4] . The purpose of our evaluation instrument is to estimate the quality of meetings and provide insight into the factors that contribute to this quality level, in order to direct improvements.
With this study, we contribute to the large research track on computer-based collaboration. A specific category of computer-based meeting support developed and studied in this area is often referred to as group support systems (GSS) [3, [5] [6] [7] , but the term electronic meeting systems is also applied. In line with [2] , we will use meetingware to refer to this type of systems. Meetingware can be considered a subcategory of groupware: software that supports collaboration in groups. Both for groupware as well as for meetingware, several evaluation instruments are developed. A number of these evaluation instruments focus on dispersed groups [8, 9] . We focus on groups in collocated settings. Some evaluation approaches are developed in the tradition of software evaluation, whereas other approaches are the result of research into group dynamics. Here we focus on group related factors and not so much on the evaluation of technology related factors. The evaluation instrument we aim to develop should enable measuring group factors and especially the influence that group processes have on meeting outcomes. As a result, the evaluation instrument should enable us to measure the effect of supporting technology on these processes and outcomes. So far, few studies have focused on the interplay among process variables and meeting outcomes [5] .
The object and process of our evaluation instrument are specified in the next two sections. In the subsequent two sections, the resulting evaluation instrument is the object of evaluation itself (Sect. 4 and 5) . We investigate the reliability, validity, usefulness, and acceptability of the evaluation instrument by testing it on a large set of meetings. With the resulting data, we also explore the determinants of successful group meetings. We conclude this article discussing the merits and drawbacks of our evaluation instrument.
Object of evaluation
The object of evaluation concerns all aspects that make up a meeting; our evaluation instrument should support the assessment of these aspects. They are specified in this section. Studying meeting behavior means studying work groups. Many theories on work group functioning use the conceptual input-process-outcome model as a frame of reference. It relates a set of contextual determinants, which affect work group effectiveness through the mediation of internal activities of work groups [10] [11] [12] . Process measurements are often referred to as measures of performance, and outcome measures are often referred to as measures of effectiveness. Outcome measures assess the quantity and quality of the end result [13] . These can be distinguished from process measures that describe the strategies, steps, or procedures used to accomplish a task.
Brodbeck [10] poses that performance is an aggregate of those behaviors that are relevant for achieving the goals specified. Examples of these kinds of behaviors are effort, supportiveness, and team performance functions. Effectiveness is the degree to which the performance outcomes approach the goals specified. Productivity is how efficiently a particular level of effectiveness is achieved. A better understanding of the relationship between performance and effectiveness-that is, a better understanding of predictor-criterion relationships-can contribute to making meetings more effective, for optimizing teamwork in meetings involves using processes that on average will lead to more favorable outcomes.
In evaluating meetings, we consider meetings not as isolated events (in line with [14] ). A meeting is usually preceded and followed by individual work such as preparation for the next meeting, distribution of the results, and execution of actions that have been agreed upon. Then, a next meeting is held, etc. Together, the meetings contribute to the achievement of a higher goal, such as a project goal or a mission objective. In our view, meetings should therefore be measured with respect to this ''higher goal.'' Figure 1 illustrates this process. Figure 2 gives an overview of the variables we use in this study. These variables are discussed next.
Input variables
Post, Cremers and Blanson Henkemans [14] distinguish as input variables means, methods, individual factors, team factors, task factors, organizational factors, and environmental factors. Means refer to systems and tools that support a meeting-related task (e.g., an interactive large screen display). Methods refer to prescriptions of how to do a particular task (e.g., a procedure to chair a meeting). A team is a group of individuals who see themselves and are seen by others as a social entity [15] , which is also the case for the participants of a meeting (e.g., a management team). Team processes are influenced by individual characteristics [16] , in particular the different roles that the
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Prepare Outcome Process Fig. 1 Meetings as part of a cyclic process with a higher goal individuals play [17] (e.g., the chair). The task refers to the work that must be done to reach certain goals. Through the task, team members become interdependent [18] . Tasks can be described as individual tasks [19] (e.g., design) or as group tasks [20] (e.g., negotiate). Organizational factors refer to aspects, such as organizational structure and culture [21] . Environmental factors refer to aspects external to the organization, such as the market. The success of teams and organizations strongly depends on how they manage the unexpected dynamics of the environment [22] .
Process variables
The amount of information transfer is an important process variable. Limited information transfer can be the consequence of strong solution directedness and a quick opinion formation [23] . Groups tend to come up with solutions at an early stage, although the problem is hardly clear. An analysis of the nature of the problem and of the factors that support the problem will not take place, nor will an analysis of the pros and cons of the solutions that are brought in. This is caused by an opinion formation of the group that is too quick, by which some solutions are immediately rejected and vanish from the process of weighting. Limited information transfer can also be the consequence of conformity and self-censorship. Because of the consequences of the amount of information transfer on the outcome of a meeting, we take this variable into account in our research.
We are also interested in the mental effort needed during the meetings. It is easy to imagine that the better the performance, the more effort it takes. It is also known that the amount of mental effort needed increases during the day because people get tired. Finally, it is important to care for the mental well being of the participants of a meeting. Participants should not do too much work, nor too less to let them feel well (see e.g., [24] ). A related aspect we want to take a look at is work pace. We wonder to what extent the participants of a meeting feel that they have to work under time pressure. Having to work too hard may affect the outcome of the task.
In literature, several process variables are mentioned that are crucial to effective teamwork. Smith-Jentsch et al. [13] , for example, describe an approach to develop and evaluate a human-performance measurement system designed to assess training needs called team dimensional training (TDT). TDT is based on years of team research, it describes, diagnoses, and evaluates processes that lead to effective outcomes. TDT helps to obtain a better insight into the process of teamwork. At the end of an exercise, the participants evaluate their own team performance under guidance of a facilitator, with the aim of improving their performance. The evaluation takes place in the light of four dimensions, which are thoroughly checked on reliability and validity. The dimensions are subdivided into concrete and observable components. The four dimensions are information exchange, communication, supporting behavior, and leadership. Information exchange is the extent to which every member of the team knows what information should be transferred and to whom and when. For our purpose, we extend this variable to include other aspects of processing information: whether this information is remembered and used. We call this extended variable information processing. The communication dimension refers to the way in which information is passed through (e.g., understandability). Supporting behavior is the mechanism by which team members compensate for one another's weaknesses by correcting errors and shifting workload. Leadership is concerned with those behavioral characteristics that direct the team in a certain direction. Each member of the team can guide the team by taking the lead. The four dimensions are taken because they are reliable and valid, and represent superior teamwork strategies.
Outcome variables
The first outcome variable we consider as important is information outcome. Where information transfer refers to the amount of information individuals share in the meeting, information outcome refers to information that is not only shared but also actually used in reaching a desirable outcome. The second outcome variable we take into account is team effectiveness. Whether groups are more effective than individuals depends on the criteria that are used for defining effectiveness [25] . Group decisions tend to be more accurate (better-quality decisions), whereas individuals are faster. Groups tend to be more creative and group decisions tend to score better on acceptance of the final solution. The choices groups make are more creative and accurate, because groups bring more complete information and knowledge to a decision, so they generate more ideas. In addition, the give-and-take that typically takes place in group decision processes provides diversity of opinion and increases the likelihood that weak alternatives will be identified and abandoned. According to Robbins [25] , effectiveness cannot be considered without also assessing efficiency. Individual decision makers are almost always more efficient than groups. Group decision making consumes more work hours. In deciding whether to use groups, it should be considered whether increases in effectiveness are larger than the losses in efficiency.
An important goal that must be achieved in every meeting is that the participants of the meeting are content with the process and outcomes of the meeting. Robbins [25] states that organizations with more satisfied employees tend to be more effective than organizations with less satisfied employees. A consistent negative relationship is found between satisfaction and absenteeism, and between satisfaction and turnover. Moreover, researchers with strong humanistic values argue that satisfaction is a legitimate objective of an organization. Organizations should be concerned not only with the quantity of work life-that is, concerns such as higher productivity and material acquisitions-but also with its quality. Organizations have a responsibility to provide employees with jobs that are challenging and intrinsically rewarding. Therefore, satisfaction is considered as important. We distinguish satisfaction with the process, the outcome, and the team. Process satisfaction refers to the satisfaction with decisions made and how they were made. Outcome satisfaction refers to the quality of the outcome. For a design project, for instance, this is the completeness, price, correctness, and precision of the final solution. The last kind of satisfaction we distinguish is team satisfaction, which concerns satisfaction with the team process and the achievement as a team.
Cohesiveness refers to the degree of interpersonal attraction and liking among team members. To assess cohesiveness, researchers almost always ask team members to indicate their personal feelings about other members and/or their liking of the team as a whole [26] . Positive affect promotes helping behavior and generosity, cooperation, and a problem solving orientation during negotiations. When positive affect occurs in the form of attraction to team members, it may translate into greater motivation to contribute fully and perform well as a means of gaining approval and recognition. Positive affect is likely to be particularly beneficial for improving performance. This is especially the case in problem-solving situations, where flexible and creative thinking can lead to more effective resolutions than compromise. One way to enhance group cohesiveness is increasing the time members spend together [24] .
Process of evaluation
In this section, we describe the measurement instruments we propose to address all aspects of the framework. First, we will present the process measures and subsequently the outcome measures. In both categories, a distinction is made between objective and subjective measures. Next, we explain the evaluation procedure.
Process measures
Objective measure
We propose to measure information transfer by counting the number of items of information that individual participants have available and share in the meeting. In this particular research, we only considered information shared by PowerPoint presentations. The total number of items of rightly transferred information was divided by the total number of transferable items of information and multiplied by 100 to obtain the percentage of rightly transferred information per team.
Subjective measures
Mental effort can be measured with the rating scale mental effort (RSME) [27] . The RSME is a translation of the Dutch Beoordelings Schaal Mentale Inspanning (BSMI). We adopt the translation of the BSMI in [28] . The score is indicated by digits on the left side of a scale from 0 to 150, the variable anchors are indicated by words on the right side. The anchors range from ''absolutely no effort'' to ''extreme effort.'' For the aspects information processing and leadership, we have developed four items for each variable, which can be added to questionnaires presented at the end of a meeting and presented at the end of the unit of meetings. For the variables communication and supporting behavior, we have developed four items that can be added to a questionnaire about a whole unit of meetings, such as a whole project or a whole mission.
Outcome measures
Objective measure
We propose to measure the objective outcome measure information outcome by comparing all the information that the individuals have available and is required to share to reach a desirable outcome with what the participants actually share and use. In this particular research, we used the percentage of correctly applied design requirements as the information outcome measure. As will become clear below, the participants will meet in the context of a design project. At the end of the project, the participants have to evaluate their result (i.e., a design prototype) according to the design requirements. These requirements have to be gathered and exchanged during the project.
Subjective measures
For measuring effectiveness, we have constructed items that request opinions on the quality of the solution in the light of team versus individual work. For efficiency, the items asked the subjects whether they think the job could have been done faster with fewer people. For cohesiveness, the items asked the participants how much they liked the other members. Items on how hard and fast participants had to work have been constructed to measure work pace. Further, we constructed items for measuring process, outcome, and team satisfaction.
Evaluation procedure
Together, the measurement instruments constitute the evaluation instrument we propose. The evaluation procedure is as follows. The objective measurements are done by the researchers afterwards. The subjective measures are collected by the participants themselves by means of rating scales and questionnaires. The subjective measurements are not all taken after every meeting, because this may influence the workload and meeting behavior of the participants. For example, questions about supporting behavior after each meeting may stimulate this behavior in the following meeting. Only those variables that are expected to change over time are inquired after every meeting. Table 1 provides an overview of the evaluation instrument.
The items are scored on seven-point rating scales. The extremes on the seven-point rating scales were ''not applicable at all'' at the left end, and ''very much applicable'' at the right end. (An overview of all items is provided in [29] .)
Testing the instrument
For testing our evaluation instrument, we need to collect a large set of comparable meeting data. For generating meeting behavior in a natural yet controlled and replicable manner, we will make use of an experimental paradigm, developed by Post et al. [14] . In this paradigm, a team of four participants, who act as employees of a consumer electronics company, has to design a prototype for a new TV remote control in four alternating individual and meeting sessions. The setting and scenario used to test the evaluation instrument have several elements that contribute to a realistic setting. The group members are individually instructed and trained for their group role. In addition, information necessary for the design is distributed among them. The scenario further has elements of a dynamic market (changing fashion) and an organizational context (a particular company, budget costs). New information about the market and the organization is sent to individual participants. The marketing expert, for example, receives information about changes in the market and related changes in the evaluation criteria for the design. By simulating the dynamics of these contexts the team functions in a less isolated setting (see [14] for more details). We will use this design project for measuring the process and outcomes of meetings.
Research questions
Our research question is formulated as follows: Is the evaluation approach we propose a useful and reliable instrument for measuring meetings in terms of process and outcome? This question is divided into three specific questions:
1. Is the evaluation instrument useful and reliable for measuring process changes? 2. Is the evaluation instrument useful and reliable for measuring outcome changes? 3. Is the evaluation instrument useful and reliable for predicting the outcome of the process?
Participants
Of the 52 participants, 46 were undergraduate students of information science at the University of Utrecht. These students took a course in groupware. Participation in our research was compulsory to obtain course credits. Most of these subjects were more or less acquainted before the start of the project. The remaining six participants were undergraduate students of various other studies and participated voluntarily. All participants were paid e 60 for about 7 h of work. The age of the subjects ranged from 18 to 28 years, the mean age was 21 years. Of the subjects, 46 were male and 6 female. Four participants made up one design team. So in total, 13 design teams were formed. Participants did not have prior knowledge of their roles or tasks.
Apparatus
To simulate an office environment, we made use of four private office rooms and one meeting room. In the meeting room, two large interactive screens were set up next to each other. One was used as an electronic white board and the other one for PowerPoint presentations.
The participants had to work with a laptop computer, which they ported from their office to the meeting room and vice versa. On their laptops, they could use common office tools: MS Word, MS PowerPoint and MS Excel, the email application Outlook Express, and the web browser Internet Explorer (to look at simulated web pages). The laptops were wireless connected. Documents produced could be saved in a private folder and/or in a shared folder on the desktop.
A separate room served as an observatory for the researchers. The participants were observed and recorded by means of video cameras in each room and wireless head-mounted microphones. Their laptop interactions and the interaction with the large screen displays were monitored via RealVNC. The large screen displays were automatically captured in real time, after any significant change. A server laptop was used to run a scenario application, especially developed for this purpose. This application controlled the scenario automatically by sending emails and alerts, or opening web pages, for a specific role at specified points in time. Email was used to send information about the design problem as well as instructions and questionnaires. The server laptop also collected the data of the digital questionnaires and all documents that the participants produced.
Material
The design team consisted of a project manager, an industrial designer, a user interface designer, and a marketing expert. They were explained that the design project has four phases: project kick-off, functional design, conceptual design, and detailed design. In the functional design phase it is determined what needs and desires of users are to be fulfilled, what effect the apparatus should have, and how the apparatus works to fulfill its functions. In the conceptual design phase, the conceptual specification of components, properties and materials, and the conceptual specification of the user interface are determined. At the same time, trend watching should take place. In the detailed design phase, the look-and-feel of the prototype must be determined and evaluated. In each design phase, each team member has a specific task. For a detailed description of the precise content of all information provided to the subjects and an overview of the whole scenario data base, we refer to [30] .
In each phase, the participants had to work first individually and then together. When working individually, they received role-specific, detailed project specifications and instructions, sufficient to prepare the next meeting. This information consisted of descriptions of the task, inspirations by presenting other similar designs, reports of market research, pre-structured PowerPoint slides, and the like. Figure 3 shows a time schedule of the scenario. For pragmatic reasons, each design project was carried out in one day.
Procedure
Having arrived at the TNO Human Factors lab in the morning, the participants received oral instructions and a handout on how to use the tools. The participants were told to speak and write in English because of the international use of the data. The scenario started at about 10:00 a.m. As can be seen in Fig. 3 , the first individual session (that took about 30 min) was followed by a first meeting (30 min). This was followed by a second individual session (30 min) and a second meeting (45 min). At 12:15 p.m., there was a lunch break of about 45 min. They were instructed not to talk about the research. After lunch, there was a third individual session (30 min) and a third meeting session (45 min). The project concluded with a fourth individual (30 min) and meeting (45 min) session. In the fourth individual session, the industrial designer and the user interface designer worked together.
In the individual work sessions, the participants read their email, visited simulated web pages, executed new tasks, and prepared their PowerPoint presentation on their findings. The project manager had to document the former meeting. During meeting sessions, the team members showed the PowerPoint presentations to each other, discussed the findings, and made decisions on various aspects of the new TV remote control prototype. The scenario application controlled by alerting pop-ups when to go to the meeting room and to start the meeting, and when to end the meeting and to go to the private workspace again.
Applying the evaluation instrument
All proposed instruments that together constitute the evaluation instrument were applied in the test. After every individual work session and after every meeting session, the participants were asked by email to fill out a mental effort rating scale. After every meeting session, they were also asked to fill out a questionnaire about the meeting, on the process measures, information processing and leadership, and the outcome measures, process satisfaction and cohesiveness. After the final meeting, the project manager was asked to report on the design product. All participants were also asked to fill out a questionnaire about the whole project, on the process measures, work pace, communication, and supporting behavior, and on the outcome measures, effectiveness, efficiency, outcome satisfaction, and team satisfaction.
For the objective process measure information transfer, we count the number of items that the individual participants are provided and the number they use in their PowerPoint presentations to the group. The total number of items of transferred information divided by the total number of transferable items of information multiplied by 100 represents the percentage of rightly transferred information per team.
For the objective outcome measure information outcome, the amount of rightly formulated criteria at the end of the project is taken as an outcome measure. We will compare the list of requirements that are given during the day to individual team members, with the list of requirements that the team comes up with. The percentages correct criteria are taken as a measure.
Results
In this section, we present the results of the data analyses, organized around the research questions presented in Sect. 4.1.
Reliability testing
To test the reliability of our questionnaires, we computed Cronbach's alpha. Information processing shows low alphas between 0.36 and 0.45. Therefore, we will not use this scale in further analyses. Leadership in meeting 1 (a = 0.59) and communication (a = 0.58) are moderately reliable. We think that this is still sufficient to consider these variables for further analyses. Looking at the Cronbach's alphas, if an item was deleted from a scale, it did not yield a substantial increase in any alpha of any scale, so the original items were maintained. In sum, we can conclude that the scales of most questionnaires are reliable measures to gauge meeting behavior, except for the scale measuring information processing.
Descriptive statistics
Descriptive statistics of the various variables were examined. All the variables that are scored on a seven-point scale have a mean score somewhere between 4 and 6. . In other words, this means that the first individual session took the participants ''some'' effort and the next sessions ''rather much'' to ''considerable'' effort. The same applies to the meeting sessions. The differences in effort between the individual and the meeting sessions do not seem big. In total, both kind of sessions took ''rather much'' effort. Whether the means described above differ significantly will be discussed later in this section. On average, 58% of the information was transferred by the teams. On average, 61% of the right evaluation criteria were used at the end of the designing project to evaluate the final design.
Usefulness
Can we measure process changes?
Let us first investigate changes in the process variable mental effort. In particular, we are interested in whether we can measure an increase of mental effort due to fatigue Two different mental effort indications are distinguished: one for the individual work sessions and one for the meeting sessions. Line charts that represent the mean scores on these variables at the respective moments of measurement are given in Fig. 4 . To answer the question whether the scores of the variables on the first moment of measurement differ from the last moment, we perform a non-parametric Wilcoxon signed ranks test, instead. (A paired sampled t test cannot be performed, because the variables are not normally distributed.) The mean score on the RSME after the first individual session (M = 39.71, ''some effort'') is significantly lower than the mean score on the RSME after the last individual session (M = 61.83, ''rather much effort''), Z = -4.59, p < 0.001. The mean score on the RSME after the first meeting session (M = 42.69, ''some effort'') is significantly lower than the mean score on the RSME after the last meeting (M = 65.50, ''considerable effort'') as well, Z = -4.92, p < 0.001. To test the differences of the means of the variables between the succeeding moments of measurements, a single group univariate repeated measures analysis is conducted. For mental effort, the tests of within-subjects effects are significant for both the individual and the meeting sessions, F(2.61, 133.14) = 17.38, p < 0.001 and Another question is whether we can measure differences between sessions. To evaluate the differences in means between the mean score on the RSME of the individual sessions and that of the meeting sessions, a paired-samples t test was used, since both variables are normally distributed. The result of the t test revealed no significant difference.
Still another question is if we can measure whether the different role players experienced the same amount of mental effort. To test whether it took the project manager, the industrial designer, the user interface designer, and the marketing expert on average the same amount of effort to fulfill their tasks, a one-way analysis of variance with Tukey's tests as post hoc tests, was performed with the mental effort variable per session as the dependent variable and the project role as factor.
For the individual session, it applies that there is just a significant difference in the second session. The mean of the project managers (M = 57.31, ''rather much effort'') and the mean of the user interface designers (M = 55.00, ''rather much effort'') are lower than the mean of the industrial designers (M = 81.92, ''great effort''), F(3, 48) = 3.90, p < 0.05. For the meeting sessions no significant differences (at a = 0.01) were found.
Can we also measure that the better the process, the more mental effort it takes? To test whether a higher score on the process variables cohere with a higher score on mental effort in the meeting sessions, a Spearman bivariate correlation analysis is done. The only significant correlation that is found is that between mental effort and work pace, q = 0.25, p < 0.05. So, we are indeed able to measure differences and changes in mental effort, although we did not find those in all cases we looked at.
A second process variable we would like to be able to measure the changes in is leadership. The line charts that represent the mean scores on the variable leadership at the various moments of measurement are given in Fig. 5 , together with that of the outcome variables satisfaction and cohesiveness, discussed in the next subsection. To answer the question whether the scores on the variables in the first meeting differ from those in the last meeting, a Wilcoxon signed ranks test is executed. Leadership in the first meeting (M = 4.99) is significantly lower than in the last meeting (M = 5.60), Z = -3.90, p < 0.001.
To test the differences of the means of the variable between the succeeding moments of measurements, again, a single group univariate repeated measures analysis is conducted. The tests of within-subjects effects reveal that there is a difference for leadership, F(2.09, 106.78) = 8.30, p < 0.001.
In the analysis, we requested repeated contrasts as planned comparisons, which compare meeting 1 with meeting 2, meeting 2 with meeting 3, and meeting 3 with meeting 4. The tests of within-subjects contrasts show that leadership in the first meeting (M = 4.99) is significantly lower than in the second meeting (M = 5.35), F(1, 51) = 6.13, p < 0.05, and that leadership in the third meeting (M = 5.25) is significantly lower than in the fourth meeting (M = 5.60), F(1, 51) = 15.91, p < 0.001.
So, also for leadership we have been able to find changes.
Can we measure outcome changes?
Is our instrument capable, for example, of determining whether the more time participants spend together, the higher will be the scores on outcome variables such as satisfaction and cohesiveness? Line charts that represent the mean scores on the variables satisfaction and cohesiveness at the various moments of measurement are given in Fig. 5 . To know whether the scores on the variables in the first meeting differ from the last meeting, a Wilcoxon signed ranks test is executed. Satisfaction in the first meeting (M = 5.25) is significantly lower than in the last meeting (M = 5.68), Z = -2.58, p < 0.05. The results did not show any difference in cohesiveness, Z = 0.63, p = 0.53.
To test the differences of the means of the variables between the succeeding moments of measurements, again a single group univariate repeated measures analysis is conducted. The tests of within-subjects effects reveal that there is a difference in satisfaction, F(2.78, 141.65) = 2.96, p < 0.05, but not in cohesiveness, F(2.75, 144.09) = 1.70, p = 0.17.
In the analysis, we requested repeated contrasts as planned comparisons, which compare meeting 1 with meeting 2, meeting 2 with meeting 3, and meeting 3 with meeting 4. The tests of within-subjects contrasts show that Summarizing, we showed that we can indeed measure changes in satisfaction, but we did not show this for cohesiveness.
Can we predict the outcome from the process?
A multiple regression analysis was performed with the outcome variables as dependent variables, and the process variables that significantly correlate with the outcome variables as independent variables.
A multivariate outlier was found to be an influential point in the regressions with outcome satisfaction as dependent variable. The logbook showed in this case that the project manager behaved in an extremely dominant way, which had not been the case in the other teams. We removed this point from the regression analysis in which outcome satisfaction is the dependent variable, making N for this regression 51 instead of 52. Table 2 shows the results of the regression analyses (method stepwise). The p-values have been halved since the directions of the regression coefficients are predicted. For effectiveness, supporting behavior accounts for 18% of the variance. For efficiency, leadership accounts for 23% of the variance. Process satisfaction can be predicted from the variables leadership, communication, and supporting behavior. These three variables account for 51% of the variance. Leadership contributes most to the regression (b = 0.31), followed by communication (b = 0.28) and supporting behavior (b = 0.26). Outcome satisfaction can be predicted only from supporting behavior (27% variance accounted for). Team satisfaction can be predicted from leadership and supporting behavior, accounting for 52% of the variance. Leadership (b = 0.41) contributes somewhat more than supporting behavior (b = 0.37). Cohesiveness can be predicted from leadership and supporting behavior as well, accounting for 70% of the variance. Again, leadership (b = 0.47) contributes somewhat more than supporting behavior (b = 0.43). The process variable work pace does not contribute to any of the outcome variables.
In order to compute correlations for the variables information transfer and information outcome, all variables were aggregated to team scores (N = 13). The process variable information transfer does not correlate significantly with any of the outcome variables. The outcome variable information outcome correlates significantly with the process variables leadership, q = 0.52, p < 0.05; communication, q = 0.66, p < 0.01; and supporting behavior, q = 0.50, p < 0.05.
Finally, we can conclude also that with our instrument, we are able to predict the outcome from the process.
Conclusions and discussion
The goal of this study was to develop an instrument for evaluating meeting support tools. We defined the scope of evaluation not as a single meeting but as a cycle of meetings, such as a project. Next, we based this instrument on an input-process-outcome model, and specified the model in a large number of factors. For almost all factors, we constructed measurement instruments. The resulting evaluation instrument consisted of an already existing rating scale, one new questionnaire with 16 items, another one with 50 items, and an information flow analysis instruction. Together, the instrument measured 19 factors. Next, we tested the evaluation instrument in 13 natural, yet controlled, meeting cycles, each involving four meetings. We found that leadership, supporting behavior and communication are important predictors for successful meetings. We therefore conclude that these factors need to be taken into account in future research on meeting behavior.
However, generalizations from this student-based study to the workplace has its limitations. Although the setting and scenario applied have several elements that contribute to a realistic setting, the effect of some factors could not be tested or balanced for in the design. A first relevant limitation is the gender composition of the teams: almost all teams consisted of males only. Traditionally, engineering has been a majority male field; however, as more and more females enter the field, mixed gender teams are likely to become more common [31] . In some studies, it was assumed that the combination of different skills that males and females bring to the team task results in a higher level of performance. However, a test of this premise has resulted in contradicting outcomes [31] [32] [33] . As a consequence, the effect of the team's gender composition on our outcomes cannot easily be predicted. In general, however, women have a more interactive, people-oriented and cooperative work style, whereas men have more analytical decision-making tendencies and competitive orientation [32, 33] and this may affect the scores on communication and leadership. Another limitation concerns the team members' lack of experience with the design task. In a real-world setting, it is likely that design experts also contribute to a design assignment and several studies show that senior designers apply different strategies in a design task (see e.g., [34] ). It is further likely that larger differences in seniority affect scores on leadership.
A third limitation is the focus in this study on design teams, whereas eventually the evaluation instrument should be suitable for evaluating all types of teams and meetingware supporting these teams. Although this focus functions as a strength as well, as it enables comparison between teams, it limits the generalization of our outcomes.
To overcome the limitations of this study, the next step would be a test of the evaluation instrument in a real-world setting, e.g., real (design) teams working on an assignment. It would be interesting to see whether our conclusions can be validated in these settings. Are leadership, supporting behavior, and communication indeed important predictors for successful meetings? However, as this study consists of many realistic elements and overcomes the general tendency to focus on single meetings in an isolated context [7] , we confidently anticipate such a test.
We will now discuss the results of the evaluation instrument test in terms of the following evaluation criteria: reliability, validity, acceptability, and usefulness. The limitations described above also hold for outcomes related to these aspects of the evaluation instrument.
Reliablity and validity
An instrument is reliable if it produces consistent results. We have checked the reliability of the questionnaires constructed in this study. Except for information processing, they are all sufficiently reliable. However, further research may be devoted to increase the reliability scores and improve the individual measurement instruments. The information flow analysis was carried out in this study by only one observer. So, a second observer is needed to test the inter-observer reliability of the variables information transfer and information outcome.
A question that one may ask is whether meetings by students represent real meetings. In our opinion, they do in our set-up. The students acted as real participants with their own individual roles and worked together well to reach their common goal. Furthermore, the fact that we could measure the presence of factors such as leadership, supporting behavior, and cohesiveness contributes to the conclusion that we had to do with real teams with common team processes.
A second question that one may ask is whether the instrument as proposed here is complete. Does it cover all possible factors? We can only conclude that further research is needed to state whether other processes contribute to successful outcomes as well, and whether other outcome variables can be identified and measured. We expect that, certainly in the context of a design project, economic measures could be identified. Ideally, we would economically value the products of each team: their developed remote control prototypes. We could, for example, ask domain experts to assess each design solution. More work remains to be done in that area.
A general remark is that we should realize that for a final validity test of our individual instruments, we need an objective standard, which is, unfortunately, not available.
Acceptability and usefulness
The evaluation instrument, as proposed by us, proves to be useful in providing insight into factors that determine the quality of meetings. In addition, the instrument is useful to assess to what extent factors determine this quality. However, applying the instrument takes much time and effort, especially for the evaluator(s). To generate reliable measurements, ten teams of four team members are needed in each condition. Although it is possible to automatically generate data by letting respondents fill out the questionnaire on-line, this still implies a lot of effort. Moreover, information flow analysis requires a lot of effort for the researchers. On the other hand, an alternative is not readily available.
The evaluation instrument we developed can be used to compare different meeting conditions by manipulating the various input variables. Here we mention some of the many possible manipulations.
Means: First of all, with the availability of the AMI multimodal meeting browser, we are now able to compare alternative designs or evaluate the browser by comparing meetings with and without the browser. Another manipulation could be that, e.g., when the project manager is situated at a distance, he can communicate with his team by email or video conferencing, which has become more common in present-day companies. In this example, especially the influence on leadership would be interesting to examine.
Method: Leadership is found to be an important factor, but what type of instructions or training are the best (e.g., authoritarian vs. democratic)? In our research, we instructed the project manager to pay explicit attention to team building. The effect of such instructions, or instruction to the other members to take initiative when needed, or any other training in leadership can be measured with the AMI meeting browser. Another manipulation is the distribution of available time over the preparatory phase and the meeting phase. The question then is how preparation contributes to an effective, efficient, and satisfactory meeting.
Individual and team: In our data collection, a selection took place on a particular individual characteristic: we asked each team to assign a project manager to itself. Most of the time, a person with the best leading capacities took up that role spontaneously, or was recognized as such and pushed by the others. To find out whether everybody can become a leader, this assignment can take place differently. Another aspect is the size of the team, which is known to influence team performance [35] . Could certain roles be combined, e.g., the user interface designer and the industrial designer, without loss of performance?
Task: This research was centered on a design task. For other tasks, such as negotiation, planning, and crisis management, other results may be found.
Organization and environment: In this category, an interesting manipulation is underway. At two different sites, the University of Edinburgh, UK, and IDIAP, Martigny, Switzerland, the same data are collected. We are now in a process of comparing the meetings, and are curious whether there are cultural differences, differences in workload due to native speech, among other issues.
In the past decades, there has been a growing tendency to work in groups [36] . Organizations and organizational research have a continually changing nature. Because of technological, social, and other developments, teams in organizations in the near future may be quite different from teams as they are now. These changes will mount continuing challenges to group researchers and theorists. We think that an important contribution of our work is the insight that attention should be given to the factors of success in the future design of meetingware. To start with, the multimodal meeting browser we are developing in the AMI project, how can good leadership, supporting behavior, and communication be maintained using a meeting tool, irrespective of the circumstances and specific use of the tool?
